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This paper examines price integration in the MERCOSUR countries of Argentina and Brazil after
the creation of this regional economic agreement using a fractional cointegration analysis.  The
results suggest that Argentine wheat and corn prices are fully cointegrated with the corresponding
world prices, whereas Brazilian wheat prices are not cointegrated with the world price.  These
results support the idea that, for these markets, MERCOSUR is operating more like a free trade
area than a customs union with harmonized trade policies.  In case of soybean, neither soybean
price is integrated with the world price, implying that both countries are pursuing similar export
strategies that have the effect of isolating these markets from the world markets.  Within
MERCOSUR, Argentine and Brazilian wheat prices are fractionally cointegrated, suggesting that
the LOP holds within MERCOSUR although the restoration of equilibria is slower than in the
case of the fully cointegrated series.  Similarly, Argentine and Brazilian soybean prices are fully
cointegrated, suggesting a quick restoration of the equilibrium relationships.  Based on the results,
it appears that MERCOSUR has led to tightly agricultural markets in Brazil and Argentina while
the relationships between the markets in the two countries and the corresponding world markets
are subject to particular national policy interventions.                      1
Price Integration in MERCOSUR Countries: A Fractional Cointegration Analysis
Introduction
The countries of Latin America have pursued inward looking development strategies based on
protectionism and extensive government intervention in their economies during much of the
recent history.  Following the debt crisis of the 1980s, many Latin American countries,
particularly Argentina and Brazil, undertook extensive unilateral policy reforms, often at the
insistence of the International Monetary Funds(IMF) and World Bank.  These unilateral reforms
involved more emphasis on market oriented policies and trade liberalization.  While there had
been several attempts to create regional economic agreements among Latin American countries,
these efforts had met with limited success.  
In 1991, however, concurrent with unilateral reforms, Argentina and Brazil along with
Uruguay and Paraguay initiated a new organization MERCOSUR with the signing the treaty of
Asunción.  This agreement embodies a commitment by the governments of the four countries to
eliminate trade barriers within MERCOSUR (The Economist).  These initiatives are part of
broader trade liberalization policies.  For example, according to a World Bank study by Valdés,
the nominal protection rate for exportables in Argentina has declined from 17.3 percent during
1985-90 to 1.4 percent in 1993.  Similarly, the nominal rate of protection for importables in Brazil
has declined from 14.5 percent during 1985-90 to 9.9 percent in 1993. 
The effects of policy reforms by trade block members on the Law of One Price (LOP) is
an important and relevant market efficiency issue (Bierlen et al.).  The objective of this study is to
examine the LOP in MERCOSUR countries, particularly Argentina and Brazil, for major crops
such as wheat, corn and soybeans to test the hypothesis that the LOP is more likely to hold during2
this post-unilateral reform period.  In addition, the LOP will also be examined between
MERCOSUR and non-MERCOSUR countries (represented by the world price).  A recent study
by Bierlen et al. examined the LOP for rice in MERCOSUR countries and using a standard
cointegration technique, concluded that prices are cointegrated between MERCOSUR bloc
members and also between MERCOSUR members and two important non-MERCOSUR
members, the United States and Thailand.  In addition to Berlein et al., most past studies (Ardeni,
Buongiorno and Uusivuori, Goodwin (1992), Jung and Doroodian, Mohanty et al. (1996)
utilizing price integration as evidence of the LOP have used standard cointegration techniques
developed by Engle and Granger.
Many of these studies (Officer; Carter and Hamilton; Zanias; Jung and Doroodian;
Buongiorno and Uusiviori) have failed to support the LOP hypothesis.  The frequent empirical
rejection of the LOP is troubling because it is difficult to believe that rational traders are incapable
of finding profitable arbitrage opportunities or that markets function so imperfectly that deviations
in prices for the same goods can persist for long periods of time.  It is possible that the LOP has
been falsely rejected in these studies either because important factors such as transportation costs,
price expectations, or market power were not taken into account or because the nature of the
methods employed was insufficiently flexible to capture the true relationships among the price
series examined.  Beased on these arguments, recently Mohanty et al. (1998) used an alternative
approach i.e. fractional cointegration to test the LOP in international commodity markets.  Using
this approach they concluded that prices in international commodity markets are fractionally
cointegrated suggesting that the LOP holds in these markets.
Standard cointegration methods test a discrete hypothesis that the order of integration of3
the equilibrium errors is either 0 or 1.  If the order of integration of the equilibrium errors in two
price series is found to be 0, then there exists a long-run relationship between these prices and the
LOP is confirmed.  If  the order of integration is 1, the LOP is not supported.  This discrete
hypothesis testing limits the ability of cointegration to correctly verify long-run relationships.
It can be shown that fractionally integrated equilibrium errors are also mean reverting, although
they may exhibit significant persistence in the short run.  Thus, the long-run behavior of prices in
commodity markets may actually be related although this relationship cannot be found through
standard cointegration tests.
In this study, we use the fractional cointegration approach, introduced by Granger, and
Granger and Joyeux, to test the LOP.  This approach combines the concept of cointegration
introduced by Engle and Granger and fractional differencing introduced by Hosking.  Both
cointegration and fractional cointegration test for long-run relationships between economic
variables or the mean reverting behavior of equilibrium errors with few restrictions on the short-
run dynamics, but they differ in the manner the hypotheses are tested.  In addition, fractionally
cointegrated variables show more significant short-run persistence to shocks than fully
cointegrated variables.  Fractional cointegration analysis allows the equilibrium errors to follow a
fractionally cointegrated process, such that the order of integration is a fraction between 0 and 1. 
Thus, by avoiding the discrete hypothesis of unit-roots/no-unit-roots in equilibrium, this method
permits analysis of a wider range of mean-reversion behavior than standard cointegration analysis. 
This gain in flexibility in testing subtle mean-reverting dynamics is shown to be vital in the proper
evaluation of the LOP.  4
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The Law of One Price  
A generalized version of the LOP can be expressed as:
where is the foreign price for the commodity expressed in the domestic currency, and  ,t  is the P
2
t
error term.  As pointed out by Goodwin, Grennes, and Wohlgenant, prices may vary in a
nonsynchronous manner within a band created by transportation costs and, in that case, any value
of  $ could be consistent with the LOP.  But the presence of nonstationarity in variables makes the
hypothesis tests regarding the value of  " and  $ estimated from the conventional model unreliable
(Stock).  To overcome this problem cointegration tests have been utilized.  
Cointegration and Fractional Integration





by I(d), then the linear combination (z t  =  0Xt ) will also be integrated of the same order.  If a





(d, b).  The typical case considered in empirical work is one in which b=d=1, i.e. the components
of X t  are I(1) and the equilibrium error z t  is I(0).  The procedure developed by Engle and Granger,









and then testing to determine if the residual is integrated of order zero using a unit root test.  The
elements of X t  are cointegrated if the equilibrium error (z t ) is I(0).  It is generally tested by the
augmented Dickey-Fuller (ADF) method.  The ADF test is based on the following regression:5
where z is the equilibrium error,  )  is the first difference operator and  <t  is the stationary error
term.  The null hypothesis of no cointegration is rejected if the estimated  $ is significantly
negative.  
Cointegration can also be tested by Johansen’s maximum likelihood procedure using an
error correction model.  The main advantage of Johansen’s approach is that it resolves a limitation
of the ADF tests. i.e., the simultaneity biases caused by the use of more than one endogenous
variable at the same time.  In addition, Engle and Granger’s technique is limited to bivariate
cointegration, whereas Johansen’s maximum likelihood approach can be extended to multiple
variables.   
Both the Engle-Granger and Johansen procedures test whether the equilibrium error is
I(0) or I(1).  If the equilibrium error is found to be I(0), then the null hypothesis of no





reverting process) and any shock to the system will die out, which means the LOP between the
two series holds.  Thus, the mean reversion behavior of the equilibrium error is of primary interest
in testing for long-run equilibrium relationships among economic variables.   
The equilibrium error could be mean reverting without being exactly I(0).  A fractionally
integrated error term will also display mean reverting behavior (Granger and Joyeux; Hosking).
The advantage of fractional cointegration relative to standard cointegration methods is that it is
able to discern long-run price behavior despite substantial short-run deviations from equilibrium. 
As Cheung and Lai argue, a method that can distinguish between high- and low-frequencies and
detect long-run relationships in noisy data is needed for proper analysis of the LOP.  Fractional
cointegration appears to be such a method.  6
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 A fractionally integrated process z t  can be represented as follows:
 where L is the lag operator, and C(L) and D(L) are polynomials of the lag operator, i.e., C(L) = 1
!C1L  !... !CpL
p and D(L) = 1 + D 1L +...+ D qL
q.  The fractional differencing operator (1 !L)
d is
defined as  where  ’ is the gamma function. The error term ( 1 &L)’ j
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2).  Equation (4) is referred to as the autoregressive fractionally integrated moving
average (ARFIMA) model of order (p, q, d) and is similar to the standard autoregressive moving
average (ARIMA) model, where d is restricted to integers.  In the ARFIMA model, d can take
any real value between 0 and 1.  According to Hosking, for d values between 0 and 0.5, the
autocorrelation of z t  shows a hyperbolic decay at a rate proportional to k
2d !1 as compared to a
faster geometric decay in a standard ARIMA process, where d = 1.  The distinction between d=1
and d<1 is crucial in terms of the mean reversion property of z t  and the cointegration property of





forever (Cheung and Lai).  As with Engle and Granger’s technique, the fractional cointegration
approach is limited to two variables.  In order to extend fractional cointegration to more than two
variables, it would be necessary to estimate an error correction model.  According to Cheung and
Lai, efficient estimation of an error correction model in a fractional cointegration framework does
not appear to be  straightforward.
Testing for Fractional Cointegration
Engle and Granger’s technique can be easily extended to test if the residual is I(d), where d<1.
This involves direct estimation of d, whereas in standard cointegration tests the distinct7
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hypotheses of I(1) and I(0) are tested using the unit root test.  But Diebold and Rudebusch and
Sowell showed that standard unit root tests such as the Dickey-Fuller test, may have weaker
power than fractional alternatives.
In this study, a test based on spectral regression, developed by Geweke and Porter-Hudak
(GPH), is used to test for fractional cointegration. In that case, it may be estimated using the
following simple linear regression equation:
where I(w j ) is the periodogram of the series z t  at frequency w j , w j  = 2 Bj/T (j= 1, 2,...n).   As
recommended by GPH, the number of low frequency periodograms ordinates, n used in equation
5 is T
µ with µ=0.5 or 0.55. The theoretical variance of  0t  is known to be equal to  B
2/6 and is often
imposed in estimation to raise efficiency (Cheung and Lai).  
Data and Estimation
Monthly prices for the period of January 1990 to July 1996 are used to test the price integration
hypothesis through fractional cointegration.  Argentina wheat, corn and soybean prices are the
FOB prices at Argentine ports, collected from the Argentine Ministry of Economy and Public
Works and Services, whereas Brazilian wheat and soybean prices are the wholesale prices,
collected from the Federation of Cooperatives for Wheat and Soybeans (FECTRIGO), Rio
Grande do sul.  Beacuse of unavailability of Brazilian corn prices, we were unable to test its price
integration with Argentine and world representative corn prices.  Representative world prices for
wheat, corn, and soybeans include the FOB Gulf price for hard red winter, the FOB Gulf price for
yellow corn and the CIF Rotterdam price for soybeans respectively.  All the prices are expressed8
in U.S. dollars.
Before testing for cointegration, it is necessary to check for unit roots in the individual
price series.  The order of integration of each price series was determined using both the ADF and
GPH tests.  Both ADF and GPH test results for each price series are presented in Table 1.  The
ADF test statistics were calculated by using equation 2.  The number of lags to include in the
equation was determined by using the Aikaike information criterion.  The GPH test was
conducted for individual price series by estimating equation 4.  The unit root hypothesis can be
tested by determining whether or not the GPH estimate of d is significantly different from 1.  The
sample size for the GPH regressions were determined with the formula n=T
µ.  In this study, we
chose µ= 0.5, and 0.55, considering our sample size and the findings of other studies.  In
estimating equation (5), the error variance was restricted to its theoretical value of  B
2/6.
Results
Based on the critical values calculated from McKinnon, the ADF test statistics indicate that the
unit root hypothesis cannot be rejected at the 5 percent significance level, for all price series.  
Similarly, the d values estimated using equation 4 were not significantly different from one,
corresponding to the I(1) hypothesis for each price series.
Having confirmed that the price series are integrated of order one, we conducted
cointegration tests using the GPH test.  This involves estimating equation 4 for the residuals
obtained from each pair of price series.  The values are similar to the ones used for testing the
order of integration of individual price series.  As before, the error variance was also restricted to
its theoretical value ( B
2/6).   The estimated d values along with t statistics for the null hypothesis of
d=1 and d=0 are reported in Table 2. Of the four cases, where the null hypothesis of d=1 is9
rejected, in three cases the null hypothesis of d=0 was not rejected, implying that these three pairs
of price series ( PCO AR and PCO GU ; PWH AR and PWH GU ; and PSOY AR and PSOY RO )are fully
cointegrated.  This suggests that any shock to one of these markets is quickly dissipated and
equilibrium relationships are restored quickly.  Similarly, the null hypothesis of d=0 but not d=1 is
rejected in three cases, suggesting that these three pairs of price series (( PWH BR and PWH GU ;
PSOY AR and PSOY RO ; and PSOY BR and PSOY RO ) are not cointegarted at all. Among seven cases
examined, null hypothesis of d=0 and d=1 is rejected only in one case (PWH BR and PWH AR  ),
suggesting a possibility of fractional cointegration.  
Argentine wheat and corn prices are found to be fully cointegrated with corresponding
world representative prices but no cointegration was found between Argentine soybean prices and
Rotterdam soybean prices.  This suggests that Argentine wheat and corn prices respond quickly to
any shock in world prices to restore the long run relationships, whereas Argentine soybean prices
do not respond to Rotterdam prices.  Argentina is a major exporter of wheat and corn in the world
market and it is likely that Argentina and Gulf prices respond to each other to restore the
equilibrium.  Even though Argentina is a major exporter of soybean and soybean products, still
soybean exports are discouraged in favor of soybean products by levying an export tax on soybean
exports.
Unlike Argentine prices, Brazilian wheat and soybean prices are found to be not
cointegrated or even fractionally cointegrated with the corresponding world representative prices. 
Similar to Argentina, Brazil also imposes export taxes on soybean exports at a rate higher than
Argentina.  Thus, no long-run relationships between Brazilian soybean prices and Rotterdam
soybean prices are possible.  No long-run relationships between Brazilian wheat prices and Gulf10
wheat prices may be explained by the fact that Brazil is an importer of wheat and primarily
imports from Argentina rather than other exporters such as the United States and Canada.  Under
MERCOSUR, Argentine wheat enters Brazil with no import tariff or freight surcharge unlike
wheat imported from other sources. 
Finally, our results suggest the existence of long-run relationships between Argentine and
Brazilian prices.  As a member of a customs union, i.e. MERCOSUR, internal tariffs were
reduced every six months begining in March 1991 and were set at zero by January 1995.  Without
any internal tariffs, it is likely that prices between these countries will have long-run relationships. 
Although our results suggest long run relationships between Argentine and Brazilian prices, it was
found that wheat prices are fractionally cointegrated, whereas soybean prices are fully
cointegrated.  The slow response of Brazilian wheat prices to any change in Argentine wheat
prices may be due to stickiness in the Brazilian marketing channel, where importers or traders do
not allow the domestic price to change immediately but eventually respond to it over a longer
period.  But for soybeans, where both Argentina and Brazil are exporters, without any internal
tariffs any discrepancy between prices will prompt traders to act quickly and equilibrium will be
restored quickly.
Conclusion
This paper examines price integration in the MERCOSUR countries of Argentina and Brazil after
the creation of this regional economic agreement using a fractional cointegration analysis.  The
results suggest that Argentine wheat and corn prices are fully cointegrated with corresponding
world representative prices, implying quick restoration of equilibrium relationships between prices
after any shocks that might occur.  In other words, the LOP appears to hold for these price series. 11
On the other hand, Brazilian wheat prices are not cointegrated with the world price suggesting
that the LOP does not hold in this case.  These contradictory results suggest that Argentine and
Brazil continue to pursue independent policies with respect to grain.  Such results support the
idea that, for these markets, MERCOSUR is operating more like a free trade area than a custom
union with harmonized trade policies.  It could also be the case that this result reflect the fact
Brazil is a grain importer while Argentina is a grain exporter.  The fact that Argentine and
Brazilian wheat prices are fractionally cointegrated suggests that the LOP holds within
MERCOSUR for this commodity although the restoration of equilibria is slower that in the case
of the fully cointegrated.  
In case of soybean, it appears that both countries are pursuing similar export strategies
that have the effect of isolating these markets from the world markets.  Neither soybean price
series is cointegrated with the world price but they are cointegrated with each other.  Thus, the
LOP seems to hold with MERCOSUR for wheat and soybeans but the extent to which these
markets are cointegrated with the world market varies according to the particular policies of the
two countries.  Further analysis would be required to determine whether these results can be
generalized across sectors.  However, based on this analysis, it appears that MERCOSUR has led
to tightly agricultural markets in Brazil and Argentina while the relationships between these
markets in the two countries and the corresponding world markets is still subject to particular
national policy interventions. 12
Table 1.  ADF and GPH Unit Root Tests
ADF Test Statistics GPH Test Statistics
a
Variable Level First Differences µ=0.50 µ=0.55
d t-statd t-stat
      PCO AR  !2.51 !3.95
* 1.35 0.88 1.21 0.67
PCO GU !0.35 !2.95
** 1.17 0.84 1.32 1.72
PWHAR !1.66 !5.10
* 1.01 0.05 1.13 0.91
PWHGU !2.41 !4.23
* 0.99 !0.02 1.13 0.48
PWHBR !1.06 !3.79 
* 0.91 !0.49 0.89 !0.66
PSOY AR !2.54 !3.54
* 1.37 1.31 1.34 1.44
PSOY RO  !1.34 !3.78
* 1.74 1.89
** 1.41 1.10
PSOY BR  !2.20 !3.86
* 0.93 !0.16 1.18 0.47
Note: * and ** indicate significance at the 5 and 10 percent levels, respectively. Critical McKinnon statistics are
calculated from McKinnon and are different for each price series because of sample size. 
aThe GPH test statistics are t- statistics from the spectral regression. For the GPH test, the null hypothesis of d=1 is
tested against the alternative d ￿1.  
Table 2.  GPH Cointegration Test Statistics
a
 µ=0.50 µ=0.55
Price d H0: d=1 H0: d=0 d H0:d=1H0: d=0
PCO AR and PCO GU  0.31 !2.38
* 1.07 0.29 !2.84
* 1.16
PWHAR and PWH GU  0.21 !2.08
* 0.55 0.25 !2.51
* 0.82





PWHBR and PWH GU 0.69 !1.07 2.38
* 0.93 !0.21 2.82
*
PSOY AR and PSOY RO  0.85 !0.38 2.13
** 1.01 0.02 2.52
*
PSOY AR and PSOY BR  0.09 !2.02
** 0.02 0.22 !2.5
* 0.63
PSOY BR and PSOY RO  1.7 1.27 3.09
* 1.58 1.18 3.22
*
* and ** indicate significance level at 5 and 10 percent levels, respectively.
aThe GPH test statistics are F-statistics from the spectral regression.  The null hypothesis of d=1 and d=0 are tested
against the alternative d ￿1 and d ￿0, respectively .13
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